Purpose: Uncertainty about recurrence after a first unprovoked seizure is a significant psychological burden for patients, and motivates the need for diagnostic tools with high sensitivity and specificity to assess recurrence risk. As the sensitivity of a routine EEG after a first unprovoked seizure is limited, patients often require further diagnostics. Here, we study if ambulatory EEG (aEEG) has similar diagnostic accuracy as sleep deprived EEG (sdEEG). Methods: In this retrospective cohort, we included patients with an unprovoked first seizure and a normal routine EEG who subsequently underwent an sdEEG or aEEG. All EEGs were reviewed for the presence of interictal epileptiform discharges (IEDs). We calculated specificity and sensitivity of sdEEG and aEEG, using the clinical diagnosis of epilepsy as golden standard. All patients had a follow-up of one year. Results: We included 104 patients. Sensitivities for sdEEG and aEEG were 45% (specificity 91%) and 63% (specificity 95%), respectively. Independent risk factor for recurrent seizure were IEDs on the additional EEG, with a relative risk of 1.5 of having a recurrent seizure within a year. Conclusion: Diagnostic accuracies of sdEEG and aEEG are similar and depending on patients' and clinicians' preference both can be considered in patients with a first seizure and a normal routine EEG to determine recurrence risk.
Introduction
A first seizure has a significant psychological impact on patients [1] where the clinician's role includes finding a potential cause and estimating the recurrence risk. Main predictors for recurrence are symptomatic etiology and the presence of interictal epileptiform discharges (IEDs) on the EEG. While highly specific, the sensitivity of a routine EEG after a first unprovoked seizure is limited, ranging from 25 to 50% [2] . Longer registrations or recordings during sleep increases the yield to 50-75% [3, 4] .
No consensus exists about the next diagnostic step if a routine (20-30 min) EEG recording after a first seizure does not contain interictal epileptiform discharges (IEDs). In the Netherlands, approximately 48% of the clinicians order a sleep deprivation EEG (sdEEG), 45% a second routine EEG and 3% an ambulatory EEG (aEEG) [5] . Although aEEG is recommended by the ILAE for specific indications like classification of epilepsy syndromes and for differentiation between seizures and pseudo-seizures, there is no literature about the diagnostic yield of aEEG after a first unprovoked seizure with a normal routine EEG [3, 6] . We study the detection rate of IEDs in aEEGs in comparison with sdEEGs in patients with a first unprovoked seizure and a normal routine recording.
Methods

Patient inclusion
We searched our EEG database for patients with unprovoked focal or generalized seizures who were admitted to our Clinical Neurophysiology department between January 2011 and November 2015. Unprovoked seizures were defined as convulsive episodes occurring in the absence of precipitating factors. This included seizures of unknown etiology as well as seizures in relation to a demonstrated pre-existing brain lesion (remote symptomatic seizure) [7] . We excluded patients younger than 6 years, patients with known epilepsy and patients with provoked seizures. We subsequently selected patients in whom the routine EEG (including hyperventilation and photic simulation) was normal or did not show convincing IEDs, and either a sdEEG or a aEEG was requested. Finally, we matched both groups for age and gender. aEEG had a duration of 16-24 h, including sleep. sdEEG had a duration of 1.5-3 h, including sleep, and was recorded after complete sleep deprivation during the previous night.
EEG recording
EEGs were recorded with 21 electrodes positioned according to the international 10-20 system using a Brainlab EEG system (OSG, Belgium) or Mobita mobile amplifiers (TMS-i international, Oldenzaal, the Netherlands), sampled at 512 Hz.
EEG assessment and clinical evaluation
All EEGs were re-reviewed for epileptiform discharges (spikes, polyspikes, sharp waves, sharp-slow waves or spike-slow waves) by either a resident in neurology (IG) or experienced lab technician (SW), both supervised by a clinical neurophysiologist (MvP or IK). The patients' clinical record was evaluated for age, sex, first seizure, start of anti-epileptic drugs, MRI or CT results and whether or not diagnosis of epilepsy was made with a follow up of one year. The diagnosis of epilepsy was based on the new ILAE criteria published in 2014 [8] . Sensitivity and specificity were determined using diagnosis of epilepsy after one year of follow up as golden standard. Results are presented as sensitivity, specificity and 95% confidence intervals (CI). Statistical significance was evaluated using Chisquared-tests, with significance threshold of p < 0.05.
Results
We included 104 patients. The majority of patients presented with either a primary or secondary generalized seizure, 46% in the aEEG group, 62% in the sdEEG group. Eleven patients showed pathology on CT or MRI. Patient characteristics are summarized in Table 1 .
The different types of IEDs detected are presented in Table 2 . In the sdEEG group 16 patients (31%) showed IEDs, in the aEEG group 21 patients (40%). In both groups, one (aEEG) or two (sdEEG) patients showed IEDs, but were not diagnosed with epilepsy. Diagnostic findings are summarized in Tables 3A and B . This results in a sensitivity of sdEEG of 45% (CI: 27-64%), with a specificity of 91% (CI: 70-99%) and a positive (PPV) and negative predictive value (NPV) of 88% and 53%, respectively. For aEEG, the sensitivity was 63% (CI: 44-79%) with specificity 95% (CI: 75-100%), with PPV = 95% and NPV = 61%. All differences were not statistically significant.
In both groups, epileptiform discharges were most often present during sleep stage II, with a mean time to occurrence of 14 min in the aEEG and 20 min in the sdEEG, respectively (p = 0.98). Of the sixteen patients with non-convincing abnormalities on routine EEG, 12 showed IEDs in the follow up recording (75%). Eleven of these patients were diagnosed with epilepsy after one year of follow up. Fifty one percent of patients had a recurrent seizure within one year, 50% in the aEEG group and 52% in the sdEEG group. Independent risk factor for recurrent seizure were IEDs on the additional EEG, with a relative risk of 1.5 of having a recurrent seizure within a year.
Discussion
To our knowledge, this is the first study to compare sdEEG with aEEG in patients with a first unprovoked seizure and a normal routine EEG. Our data show that the diagnostic accuracy of sdEEG and aEEG are similar. The sensitivity for detection of IEDs in a sdEEG was 45% (specificity 91%), similar to what is reported by others [9, 10] , and the sensitivity for detection of IEDs in aEEG was 63% (specificity 95%). Further, in about 75% of patients with an initial EEG showing 'non-convincing abnormalities', sdEEG or aEEG showed interictal epileptiform discharges. Only a few studies contrasted ambulatory EEG with sdEEG, but all in patients with an existing diagnosis of epilepsy. In a cohort of 42 patients, both sdEEG and aEEG improved detection of epileptiform discharges by a similar amount (24% versus 33%) [11] .
Although the total registration duration of aEEG is longer (18-20 h) than sdEEG (2 h), in most patients the epileptiform discharges were observed during sleep stage II, without a difference in mean time to first occurrence. While SD-induced sleep seems to be more likely to evoke IEDs than natural sleep [12] , this (additional) effect may be modest. We argue therefore that it is sleep rather than sleep deprivation that increases the likelihood of detecting interictal discharges. Potential explanations for the effect of sleep on the occurrence of IEDs are discussed in a recent review [12] . While sdEEG may induce seizures, this did not occur in our patients. How large this presumed increase is, is still a matter of debate [10, 12] , but one could speculate that aEEG is perhaps safer than a sdEEG.
In our cohort, recurrence rate was 53%, which seems relatively large as in untreated patients, 40-50% can expect a recurrence within 2 years of the initial seizure [13, 14] . However, we included patients with a first unprovoked seizure who were also referred for additional diagnostics, and in many EEGs showed IEDs. This apparently resulted in a larger fraction of patients with epilepsy. A limitation of our study is that it is a single center, retrospective study, with a restricted follow-up period of one year. However, recurrence risk after one unprovoked seizure is largest within the first year, and did not differ between the two groups. Another limitation of aEEG is the lack of video recording, especially in patients with paroxysmal events. However, we included patients with a first seizure, where detection of IEDs is the primary goal, in contrast to studies where aEEG is used for the differential diagnosis of paroxysmal events. At present, most clinicians use aEEG to differentiate epileptic and non-epileptic events or to quantify IEDs in different stages of pharmacological interventions [15] [16] [17] . In the Netherlands, aEEG is ordered by only 3% of neurologists in patients with a seizure and normal initial EEG [5] . However, in our hospital aEEG has become an available alternative for sdEEG since about 2012, and several neurologists have since then used this for follow-up EEG. Our data show that aEEG has similar efficacy as sdEEG for detection of IEDs in first unprovoked seizure patients with normal routine EEGs. Ambulatory EEG was well tolerated. As no significant macroeconomic disadvantages of aEEG over sdEEG exist [18] , aEEG may be considered instead of sdEEG in the diagnostic work-up after a first seizure with normal routine EEG, according to the preference of the patient and clinician.
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